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(54) Transfer tube for gas turbine coolant passages 

(57) A tube seal is fitted with a spherical spring, be- 
ing an elastic member, at one end of a tubular barrel. 
The end where the spring is fitted to the tubular barrel 
is inserted into a steam supply pipe outlet, which is a 
coolant passage provided in a rotor disk. The other end 
of the barrel is formed into a spherical shape, and this 
end is inserted into a steam supply port in a dynamic 
blade, being another coolant passage port, and abuts 
against the internal surface of the steam supply port. 
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Description 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 

[0001] This invention relates to a gas turbine which 
uses a coolant such as air and steam for cooling a dy- 
namic blade. More specifically, this invention relates to 
a joint structure of a coolant flow passage in the gas 
turbine for coupling a flow passage for supplying a cool- 
ant from a rotor disk to the dynamic blade, a tube seal 
and the gas turbine. 

2) Description of the Related Art 

[0002] In order to increase thermal efficiency in the 
gas turbine, a technique in which steam is used as a 
coolant instead of the air, to cool hot members such as 
a dynamic blade, a rotor disk or a stationary blade of the 
gas turbine is now being used. This is due to the follow- 
ing reasons. That is, the specific heat at constant pres- 
sure of dry steam is cp = 1 .86 kJ/kgK under a standard 
condition, which is a value almost twice as large as the 
specific heat at constant pressure of the air, cp = 1 .00 
kJ/kgK. Therefore, the steam has a large heat capacity 
as compared with the air of the same mass, and the en- 
dothermic effect thereof increases. Further, if the wet 
steam is used as a coolant, latent heat of vaporization 
of the wet portion can be used for cooling, and hence 
the endothermic effect thereof further increases. There- 
fore, when the steam is used for the coolant, the cooling 
efficiency can be increased than using the air, and 
hence the temperature of the combustion gas at the en- 
trance of the turbine can be set high. As a result, the 
thermal efficiency can be improved. 
[0003] In the conventional air cooling, air from the 
compressor has been used as a coolant for the dynamic 
and stationary blades of the turbine. However, if this 
compressed air is used for cooling, the work that can be 
taken out from the turbine decreases. Here, if steam is 
used instead of the air, the cooling air for the dynamic 
and stationary blades can be saved, and hence the work 
that can be recovered by the turbine increases by this 
amount, thereby the work that can be taken out from the 
turbine can be increased. 

[0004] Fig. 8 is a cross section which shows a steam 
flow passage for supplying cooling steam to the dynamic 
blade of the turbine. The steam supplied to the hollow 
main spindle 800 of the turbine is guided to a steam sup- 
ply pipe 801 heading radially outwards. Thereafter, this 
steam flows into a steam supply pipe 804 which goes 
axially through the vicinity of the outer periphery of a 
rotor disk 803, and is supplied to a cooling flow passage 
(not shown) provided inside of the dynamic blade 805. 
[0005] Fig. 9 is a cross section which shows a joint 
structure of the coolant passage, which has been con- 
ventionally used for supplying or recovering the cooling 



steam from the rotor disk side to the dynamic blade side. 
As shown in this figure, the end 121 of the joint section 
120 is formed into a spherical shape, and fitted into a 
coolant passage inlet 805a of a dynamic blade 805, 

5 which is also formed into a spherical shape to fit in with 
the end. A protruding portion 120a is peripherally pro- 
vided at the other end of the joint section 1 20. When the 
otherend of the joint section 1 20 is inserted into the cool- 
ant passage outlet 803a on the rotor disk 803 side, the 

10 top of the protruding portion 120a and the coolant pas- 
sage outlet 803a abut against each other, which be- 
comes a seal point 125 to prevent leakage of the cool- 
ant. 

[0008] In Japanese Patent Application Laid-Open No. 
15 2000-274261 , there is disclosed a joint structure of a 
cooling passage, wherein a flange is formed at one end 
of a joint section, and inserted into a groove having the 
same cross section as that of the flange, provided at the 
root of a dynamic blade, to thereby connect a coolant 
20 flow passage. A spherical spring is provided at a portion 
where this joint portion is inserted into a cooling flow 
passage outlet formed in a rotor disk, and leakage of 
steam is prevented by the elastic force of this spring. 
[0007] The end 121 of the joint section 120 is spheri- 
cs cal and comes into face contact with a coolant in let 805a 
of the dynamic blade 805 formed into a spherical shape 
which fits in together with the end, to prevent the steam 
from leaking. However, it is difficult to increase the ma- 
chining accuracy of the face, and steam leaks slightly 
30 from this portion. Further, during operation of the gas 
turbine, the temperature of the joint structure portion of 
the cooling flow passage increases up to about 400°C. 
Therefore, the joint section 120 is manufactured from a 
metal material, and inserted into the coolant passage 
35 outlet 803a of the rotor disk 803 manufactured from a 
metal material as well. Therefore, a gap is always 
formed at the seal point 125, causing a problem in that 
steam leaks from this gap. Since the amount of leakage 
of the steam is not so large, it is not a big problem so 
40 far. However, in order to increase the use efficiency of 
the steam, it is necessary to minimize the steam leakage 
in the seal portion. 

[0008] The joint structure of a cooling passage dis- 
closed in Japanese Unexamined Patent Publication No. 

45 2000-274761 can correspond to the radial movement of 
the rotor disk. However, when a movement in the direc- 
tion perpendicular to this radial direction occurs, if the 
movement is very small, this joint structure can corre- 
spond thereto, but if the movement is large, a gap is 

so formed between the flange and the root of the dynamic 
blade, and hence causing a problem in that steam leaks 
from this gap. 

SUMMARY OF THE INVENTION 

55 

[0009] It is an object of this invention to provide a joint 
structure of a cooling flow passage and a tube seal in a 
gas turbine, and a gas turbine, wherein wastage of 
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steam is suppressed by reducing leakage of the steam, 
and even it the dynamic blade and the rotor disk move 
relative to each other, the seal performance can be 
maintained. 

[0010] The joint structure of a coolant passage in a 
gas turbine according to one aspect of the present in- 
vention comprises a rotor disk having a first coolant pas- 
sage port for supplying or recovering a coolant to or from 
a dynamic blade, the dynamic blade being fitted to the 
outer periphery of the rotor disk, a second coolant pas- 
sage port provided at the root of the dynamic blade, and 
a tube seal having a tubular barrel, the end of the barrel 
inserted into the second coolant passage port being 
formed into a spherical shape , and the side of the barrel 
inserted into the first coolant passage port being provid- 
ed with an elastic member which deforms in the radial 
direction of the barrel. The internal surface of the second 
coolant passage port and the spherical end of the tubu- 
lar barrel come in line contact with each other. 
[0011] Thus, the spherical end of the tube seal and 
the internal surface of the coolant passage port provided 
at the root of the dynamic blade into line contact with 
each other, to thereby suppress leakage of the coolant 
in this portion. At the coolant passage port on the rotor 
disk side, leakage of steam is suppressed by the spher- 
ical elastic member such as a spring provided on the 
tube seal barrel. Since the coolant passage port provid- 
ed in the dynamic blade and the end of the tube seal 
barrel are brought into line contact with each other, leak- 
age of the coolant can be suppressed, even if the ma- 
chining accuracy in this portion is not so high. Further, 
in the coolant passage on the rotor disk side, the seal 
performance is maintained by the elastic member, and 
vibrations can be absorbed by a damping action of this 
elastic member. Therefore, stable sealing effect can be 
maintained not only on the rotor disk side but also in the 
coolant passage on the dynamic blade side. 
[001 2] Since the end of the tube seal barrel is formed 
into a spherical shape, it endures large centrifugal force 
acting thereon due to the rotation of the rotor disk, and 
the seal performance of this portion can be maintained. 
Even when the dynamic blade and the rotor disk shift 
from each other and the tube seal inclines, the seal per- 
formance can be maintained by the spherically formed 
end of the tube seal barrel and the elastic member pro- 
vided on the tube seal barrel. At this time, since the shift 
of the dynamic blade is absorbed by the inclination of 
the tube seal, a larger shift can be. absorbed than by a 
horizontal shift of the tube seal in the radial direction. By 
these actions, with this joint structure, the seal perform- 
ance is maintained regardless of the operation condi- 
tion, to suppress the amount of coolant such as steam 
or air leaking from the joint portion of the cooling flow 
passage. Therefore, the coolant is effectively used, and 
the thermal efficiency of the gas turbine can be also im- 
proved. The joint structure of the cooling flow passage 
is applicable to either a gas turbine using steam as the 
coolant or a gas turbine using air. 



[0013] As the means for bringing line contact, there 
can be mentioned forming a spherical face having a 
larger curvatu re than that of the spherical end of the tube 
seal into a concave shape on the internal surface of the 

5 coolant passage port provided at the root of the dynamic 
blade, or forming the internal surface of the coolant pas- 
sage port into a convex spherical shape, so that these 
abut against the spherical end of the tube seal. Further, 
a ring having an inner diameter smaller than the outer 

10 diameter of the spherical end of the tube seal may be 
provided between the end of the tube seal and the inside 
of the coolant passage provided at the root of the dy- 
namic blade, to bring the inner periphery of the end of 
this ring and the spherical end of the tube seal into line 

15 contact with each other Further, the inside of the coolant 
passage provided at the root of the dynamic blade may 
be formed step-wise, and the small diameter section 
thereof is made smaller than the outer diameter of the 
spherical end of the tube seal, to thereby bring the end 

20 of the tube seal and the small diameter section of the 
coolant passage into line contact with each other. 
[0014] The joint structure of a coolant passage in a 
gas turbine according to another aspect of the present 
invention comprises a rotor disk having a first coolant 

25 passage port for supplying or recovering a coolant to or 
from a dynamic blade, the dynamic blade being fitted to 
the outer periphery of the rotor disk, a second coolant 
passage port provided at the root of the dynamic blade, 
the second coolant passage port having an internal sur- 

30 face that is conical such that it tapers towards the end 
of the dynamic blade, and a tube seal having a tubular 
barrel, the end of the barrel inserted into the second 
coolant passage port being formed into a spherical 
shape, and the side of the barrel inserted into the first 

35 coolant passage port being provided with an elastic 
member which deforms in the radial direction of the bar- 
rel. 

[001 5] Thus, the spherical end of the tubes seal barrel 
to abut against the coolant passage port, whose inner 
40 surface provided in the dynamic blade being formed into 
a conical shape, to thereby suppress leakage of the 
coolant in this portion. At the coolant passage port on 
the rotor disk side, leakage of steam is suppressed by 
the spherical elastic member such as a spring provided 
45 on the tube seal barrel. Since the coolant passage port 
provided in the dynamic blade and the end of the tube 
seal barrel are brought into line contact with each other, 
leakage of the coolant can be suppressed, even if the 
machining accuracy in this portion is not so high. Fur- 
so ther, since the coolant passage port provided at the root 
of the dynamic blade is formed into a conical shape, ma- 
chining is easy, and much labor is not necessary for 
manufacturing. 

[0016] The joint structure of a coolant passage in a 
55 gas turbine according to another aspect of the present 
invention comprises a rotor disk having a first coolant 
passage port for supplying or recovering a coolant to or 
from a dynamic blade, the dynamic blade being fitted to 
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the outer periphery of the rotor disk, a second coolant 
passage port provided at the root of the dynamic blade, 
the second coolant passage port having an internal sur- 
face that is conical such that it tapers towards the end 
of the dynamic blade, and a tube seal having a tubular 
barrel, a working face being formed on the outer periph- 
ery of the end of the barrel inserted into the second cool- 
ant passage port, the side of the barrel inserted into the 
first coolant passage port being provided with an elastic 
member which deforms in the radial direction of the bar- 
rel, and a protruding portion which restricts a radial 
movement of the barrel, by abutting against at least one 
of the internal surfaces of the first and the second cool- 
ant passage ports, being provided on the side of the bar- 
rel. 

[0017] The joint structure of the cooling flow passage 
suppresses leakage of the coolant by bringing the work- 
ing face formed on the outer periphery of the end of the 
barrel to abut against the internal surface of the coolant 
passage port provided in the dynamic blade, whose in- 
ner face is formed into a conical shape. Further, leakage 
of the coolant in the coolant passage port provided in 
the rotor disk is suppressed by the elastic member. The 
radial movement of the tube seal is also restricted by 
the protruding portion provided in the tube seal barrel, 
to thereby prevent the elastic member from being dam- 
aged. This joint structure serves the function effectively, 
when the shift between the dynamic blade and the rotor 
disk is small. However, when the shift of the dynamic 
blade is large, the inclination of the tube seal increases, 
to cause leakage of the coolant in the end where the 
workingface is formed. Therefore, it is desirable to apply 
this joint structure when the shift of the dynamic blade 
is small. In this tube seal, since it is not necessary to 
form the end thereof into a spherical shape, manufac- 
ture is easy, and the manufacturing cost can be reduced. 
[0018] The working face formed on the outer periph- 
ery of the tube seal barrel includes one formed with a 
curved surface or one having a cut instead of the curved 
surface. Alternatively, this portion may be formed into a 
conical shape matched with the shape of the internal 
surface at the coolant passage port provided in the dy- 
namic blade. However, the shape other than the curved 
surface will come in face contact with the internal sur- 
face of the coolant passage port provided in the dynamic 
blade, and hence it is desired to form the shape into a 
curved surface from the viewpoint of the seal perform- 
ance. 

[0019] In the tube seal according to still another as- 
pect of the present invention, its end is formed into a 
spherical shape, and the side of the barrel inserted into 
a coolant passage port to be coupled is provided with 
an elastic member that deforms in the radial direction of 
the barrel. Since the end of this tube seal is formed into 
a spherical shape, even if a large force acts thereon in 
the axial direction of the tube seal, it can endure the 
force to maintain the seal performance. The seal per- 
formance can be also ensured by the elastic member 



that deforms in the radial direction of the barrel. Even 
when the tube seal is inclined, the seal performance can 
be maintained by the spherical end and the elastic mem- 
ber, and hence, the sealing effect can be exhibited even 

s in a portion where the shift of the tube seal with respect 
to the radial direction is large. 
[0020] The gas turbine according to still another as- 
pect of the present invention comprises a compressor, 
a combustor, and the joint structure explained above. 

10 [0021] In this gas turbine, the rotor disk and the dy- 
namic blade are coupled by the joint structure of the 
cooling flow passage, to supply and recover the coolant 
to and from the dynamic blade. The dynamic blade and 
the rotor disk of the gas turbine reach high tempera- 

15 tures, and are exposed to a high centrifugal force, and 
hence the dynamic blade and the rotor disk may be shift- 
ed from each other due to thermal deformation, and a 
large force acts on the sealing structure. Since the joint 
structure applied to this gas turbine seals the coolant 

20 passage by bringing the tube seal, whose end being: 
formed into a spherical shape, into line contact with the 
inner surface of the coolant passage, even if a high cen- 
trifugal force acts thereon, the sealing effect can be 
maintained. Further, even if the dynamic blade is shifted, 

25 the tube seal exhibits the sealing effect, while being in- 
clined by the spherical end and the elastic member pro- 
vided on the barrel of the tube seal, to absorb the shift. 
In this manner, even under high temperatures and under 
an environment where a high centrifugal force is acting, 

30 wastage of the coolant can be made as small as possi- 
ble by the stable sealing effect, and the thermal efficien- 
cy of the gas turbine can be improved. 
[0022] These and other objects, features and advan- 
tages of the present invention are specifically set forth 

35 in or will become apparent from the following detailed 
descriptions of the invention when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0023] 

Fig. 1 is an explanatory diagram which shows a gas 
turbine according to a first embodiment of this in- 

45 vention. 

Fig. 2 is a cross section which shows a joint struc- 
ture of a cooling passage which supplies cooling 
steam from the rotor disk side to the dynamic blade 
side or recovers it from the dynamic blade side to 

so the rotor disk side, according to the first embodi- 
ment of this invention. 

Fig. 3 is an explanatory diagram which shows the 
tube seal condition when the disk rotor and the dy- 
namic blade are shifted from each other. 
55 Fig. 4A to Fig. 4C are cross sections which show a 
modified example of the joint structure of the cooling 
passage according to the first embodiment. 
Fig. 5 is a cross section which shows a joint struc- 



4 



7 



EP 1 291 491 A2 



8 



ture of a cooling passage which supplies cooling 
steam from the rotor disk side to the dynamic blade 
side or recovers it from the dynamic blade side to 
the rotor disk side, according to a second embodi- 
ment of this invention. 

Fig. 6A and Fig. 6B are cross sections which show 
another example of the joint structure according to 
the second embodiment. 

Fig. 7 is a schematic diagram which shows a gas 
turbine composite electric generating plant adopt- 
ing steam cooling for hot sections. 
Fig. 8 is a cross section which shows a steam flow 
passage for supplying cooling steam to the dynamic 
blade of the turbine. 

Fig. 9 is a cross section which shows a joint struc- 
ture of the coolant passage, which has been con- 
ventionally used for supplying or recovering the 
cooling steam from the rotor disk side to the dynam- 
ic blade side. 

DETAILED DESCRIPTIONS 

[0024] Embodiments of the present invention will be 
explained in detail below while referring to the accom- 
panying drawings . It should be noted that this invention 
is not limited by those embodiments. The components 
in the following embodiments should include compo- 
nents that are easily assumed by those skilled in the art. 
[0025] Fig. 1 is an explanatory diagram which shows 
a gas turbine according to a first embodiment of this in- 
vention. The gas turbine 900 cools high-temperature 
members in the gas turbine, such as a dynamic blade, 
a rotor desk or a stationary blade, by steam. The air tak- 
en in from an air intake 951 is compressed by a com- 
pressor 952, to become high-temperature and high- 
pressure compressed air, and is fed to a combustor 953. 
In the combustor 953, a gas fuel such as a natural gas 
or a liquid fuel such as light fuel oil or light heavy fuel oil 
is supplied to the compressed air to burn the fuel, to 
thereby generate a high-temperature and high-pressure 
combustion gas. This high-temperature and high-pres- 
sure combustion gas is guided to a tail pipe 954 of the 
combustor, and injected to a turbine 955. 
[0026] The stationary blade and the dynamic blade of 
the turbine 955 are cooled by steam. The steam that 
cools the dynamic blade 1 is supplied through a steam 
supply flow passage (not shown) provided in a main 
spindle 956 of the turbine. The steam supplied from this 
steam supply flow passage is guided to an outside 
steam supply pipe 60, provided in plural numbers in the 
peripheral direction of the rotor disk 50, with the direction 
thereof being changed by 90 degrees in front of the rotor 
disk 501 , and is supplied to the dynamic blade 1 . The 
steam supply pipe 60 provided in the rotor disk 50 and 
a cooling flow passage provided inside of the dynamic 
blade 1 are coupled by a tube seal explained below. 
[0027] Fig. 2 is a cross section which shows the joint 
structure of the cooling passage which supplies cooling 



steam from the rotor disk side to the dynamic blade side 
or recovers it from the dynamic blade side to the rotor 
disk side, according to the first embodiment of this in- 
vention. For convenience of explanation, the structure 
5 on the steam supply side will be explained, the steam 
recovery side has the same structure. As shown in Fig. 
2, a tube seal 100 is fitted with a spherical spring 20, 
which is an elastic member, at one end of a tubular barrel 
10. Here, the temperature of the steam supplied from 
10 the steam supply pipe 60 is about 400°C, and hence it 
is desirable to manufacture the spherical spring 20 from 
a heat-resistant material, and as the material, for exam- 
ple, a heat-resistant alloy such as inconel can be used. 
The end where the spring 20 is fitted to the tubular barrel 
75 1 o is inserted into a steam supply pipe outlet 61 , which 
is the coolant passage provided in the rotor disk 50. 
Here, since the outer diameter of the spherical spring 
20 is smallerthan the inner diameter of the steam supply 
pipe outlet 61 , when the spherical spring 20 is inserted 
20 into the steam supply pipe outlet 61 , the spherical spring 
20 is pressed against the internal surface of the steam 
supply pipe outlet 61 by the elastic force thereof. As a 
result, leakage of the steam passing through between 
the internal surface of the steam supply pipe outlet 61 
25 and the spherical spring 20 can be suppressed. 

[0028] The other end 10a of the barrel 10 is formed 
into a spherical shape, and this end 1 0a is inserted into 
a steam supply port 1 a in the dynamic blade 1 , which is 
another coolant passage port, to thereby abut against 
30 the internal surface of the steam supply port 1 a. Here, 
the steam supply port 1 a is formed into a conical shape, 
such that the inner diameter of the portion abutting 
against the end 1 0a of the barrel 1 0 decreases towards 
the point of the dynamic blade 1 , so that the conical por- 
35 tion is brought into line contact with the end 1 0a of the 
tube seal 100, which is formed into a spherical shape. 
During operation of the gas turbine, the rotor disk 50 and 
the dynamic blade 1 fitted thereto rotate at a high speed, 
and centrifugal acceleration of from 2000 to 3000g acts 
40 on the tube seal 1 00. By a centrifugal force F based on 
this centrifugal acceleration , the end 1 0a of the tube seal 
100 formed into a spherical shape is pressed against 
the internal surface of the steam supply port 1 a formed 
into a conical shape. As a result, leakage of steam be- 
45 tween the end 1 0a of the tube seal 1 00 and the steam 
supply port 1a can be suppressed. Further, since the 
end 1 0a of th e tube seal 1 00 is formed into a hemispher- 
ical shape, the tube seal 100 has high strength and can 
endure a large centrifugal force due to the high centrif- 
50 ugal acceleration. 

[0029] With the conventional joint structure, since the 
end of the tube seal and the internal surface of the steam 
supply port are brought into face contact with each other 
(see Fig. 9), a high machining accuracy is necessary in 
55 order to obtain a certain sealing effect. However, since 
the end 1 0a of the tube seal 1 00 and the internal surface 
of the steam supply port 1 a are brought into line contact 
with each other, sufficient sealing effect can be exhibit- 
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ed, without increasing the machining accuracy. It is dif- 
ficult to manufacture the inner face of the steam support 
port into a spherical shape, but this steam support port 
has only to be manufactured into a conical shape, and 
hence manufacturing is easy, and manufacturing cost 
can be reduced by this. 

[0030] The portion where the steam supply port 1 a 
comes in contact with the end 1 0a of the tube seal 1 00, 
and the portion where the steam supply pipe outlet 61 
comes in contact with the spherical spring 20 are pref- 
erably applied with hard facing coating. It is because, in 
this manner, fretting wear can be reduced, and the seal 
performance can be maintained for a long period of time. 
As the hard facing coating, there can be mentioned, for 
example, one in which a TiC layer or a TIN layer is phys- 
ically formed by chrome plating or PVD (Physical Vapor 
Deposition) . A high carbon and high chrome steel, a 
high manganese steel or Co-Cr-W alloy (Stellite) may 
be welded by hard facing processing, and used as the 
hard facing coating. 

[0031] Fig. 3 is an explanatory diagram which shows 
the tube seal condition when the disk rotor and the dy- 
namic blade are shifted from each other. During opera- 
tion of the gas turbine, the dynamic blade 1 and the rotor 
disk 50 are thermally expanded, due to the influence of 
high-temperature combustion gas. However, due to a 
difference of expansion coefficient resulting from differ- 
ence of materials, a shift as shown in Fig. 3 may occur. 
[0032] The end 1 0a of the tube seal 1 00 according to 
the first embodiment is formed into a spherical shape. 
Therefore, even when the dynamic blade 1 is shifted 
vertically with respect to the axial direction of the tube 
seal 100, as shown in Fig. 3, the end 10a of the tube 
seal 100 can move while abutting against the internal 
surface of the steam supply port 1a. As a result, even if 
a shift occurs between the dynamic blade 1 and the rotor 
disk 50, leakage of steam between the end 10a of the 
tube seal 1 00 and the steam supply port 1 a can be sup- 
pressed. On the other hand, since the spherical spring 
20 is fitted to the other end of the tube seal 1 00, even if 
a shift occurs between the dynamic blade 1 and the rotor 
disk 50, the spherical spring 20 deforms to suppress 
leakage of steam in this portion. 
[0033] When the dynamic blade 1 and the rotor disk 
50 are shifted, the tube seal 100 absorbs this shift by 
rotating about a point A. Therefore, a shift larger than 
the gap caused between the tube seal 100 and the in- 
ternal surface of the steam supply pipe outlet 61 provid- 
ed in the rotor disk 50 can be absorbed. As described 
above, with the joint structure according to the first em- 
bodiment of this invention, even if the dynamic blade 1 
and the rotor disk 50 are shifted largely from each other, 
leakage of steam can be suppressed, to thereby sup- 
press wasteful consumption of steam. 
[0034] Fig. 4A to Fig. 4C are cross sections which 
show a modified example of the joint structure of the 
cooling passage according to the first embodiment. This 
joint structure is such that a protruding portion for re- 



stricting a radial movement of the tube seal is provided 
at the end of the tube seal on the side where a spherical 
elastic body is provided. As shown in Fig. 4A, a protrud- 
ing portion 30 is formed at the end of a barrel 1 0 where 

5 a spherical spring 20 is fitted. Though it is not clear from 
Fig. 4A, this protruding portion 30 is formed by fitting an 
annular member in the outer periphery of the barrel 10 
and fixing it by welding. The outer diameter of the pro- 
truding portion 30 is smaller than the inner diameter of 

10 the steam supply pipe outlet 61 provided in the rotor disk 
50, so that this portion can be inserted in the steam sup- 
ply pipe outlet 61 . 

[0035] When the dynamic blade 1 and the rotor disk 
50 are shifted, the spherical spring 20 deforms to absorb 

15 this shift and ensure the seal performance. However, if 
a large deformation continues for a long period of time, 
the spherical spring 20 may be damaged. In this tube 
seal 101, a movement thereof in the direction perpen- 
dicular to the axial direction of the tube seal 101 is re- 

20 stricted by the protruding portion 30 provided at the end 
of the barrel 10. As a result, the amount of deformation 
of the spherical spring 20 can be suppressed to a certain 
value or below, and hence the burden of the spherical 
spring 20 can be reduced, and the damage thereof can 

25 be also suppressed to the minimum. 

[0036] In the above explanation, the protruding por- 
tion 30 is formed by fitting the annular member to the 
barrel 10 of the tube seal 101 , but as shown in Fig. 4B, 
the end 1 1 a of the barrel 1 1 may be formed into a trumpet 

30 shape, to be used as the protruding portion. In this man- 
ner, since it is not necessary to provide a new part as 
the protruding portion, the number of parts can be re- 
duced, and hence the manufacturing cost can be re- 
duced. Further, since the protruding portion is formed 

35 integrally with the barrel 10, the durability can be in- 
creased. Since there is no risk of dropout, when it is as- 
sembled in the gas turbine, the reliability of the gas tur- 
bine itself is improved, enabling stable operation. 
[0037] As shown in Fig. 4C, a protruding portion 31 

40 may be formed on the outer periphery of the barrel 10 
and inside of the spherical spring 20, by fitting an annu- 
lar member thereto by welding or the like. In this manner, 
since the protruding portion 31 is formed inside of the 
spherical spring 20, the length of the portion inserted 

45 into the steam supply pipe outlet 61 provided in the rotor 
disk 50 can be made short, as compared with the tube 
seal 1 01 or 1 03. As shown in Fig. 3, when the dynamic 
blade 1 is shifted, the tube seal rotates about the point 
A to absorb this shift. At this time, if the portion inserted 

50 into the steam supply pipe outlet 61 is long, the end of 
the tube seal comes in contact with the internal surface 
of the steam supply pipe outlet 61 , in the state with the 
angle of rotation being small, and the tube seal cannot 
rotate any more. However, as in the tube seal 1 02 shown 

55 jn Fig. 4C, if the length of this portion is short, when the 
dynamic blade 1 is shifted, the tube seal 1 02 can rotate 
up to a larger angle of rotation. Therefore, even if the 
shift between the dynamic blade 1 and the rotor disk 50 
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is large, this shift can be absorbed. As a result, leakage 
of steam can be reduced to the minimum, to thereby 
suppress wasteful consumption of the steam. 
[0038] Fig. 5 is a cross section which shows a joint 
structure of a cooling passage, which supplies cooling 
steam from the rotor disk side to the dynamic blade side 
or recovers it from the dynamic blade side to the rotor 
disk side, according to a second embodiment of this in- 
vention. This joint structure is applicable when the shift 
between the dynamic blade 1 and the rotor disk 50 is 
small. When the dynamic blade 1 is shifted, a protruding 
portion 32 provided in a barrel 12 of a tube seal 101 
abuts against an opening end 61a of a steam supply 
pipe outlet 61 provided in the rotor disk 50, to restrict 
this shift. 

[0039] In this joint structure, a tube seal 1 04 having a 
tubular barrel 12 is used, and a curved surface is pro- 
vided on the outer periphery of an end 1 2a of the barrel 
1 2, so that this curved surface abuts against the internal 
surface of a steam supply port 1 a in the dynamic blade 
1 . A protruding portion 32 which restricts a radial move- 
ment of the tube seal 1 04 is fitted on the side of the barrel 
1 2 and at a position of the opening end 61 a of the steam 
supply pipe outlet 61 provided in the rotor disk 50. 
[0040] The end 12a of the barrel 12 may have a cut 
instead of the curved surface. Alternatively, this portion 
may be formed into a conical shape matched with the 
shape of the internal surface of the steam supply port 
1a provided in the dynamic blade 1. However, either 
shape comes in face contact with the internal surface of 
the steam supply port 1a provided in the dynamic blade 
1 . Therefore, from a viewpoint of seal performance, it is 
desired to form a curved surface at the end 12a of the 
barrel 12. 

[0041 ] Since the joint structure according to the sec- 
ond embodiment is applied when the shift of the dynam- 
ic blade 1 is not so large, the inclination of the tube seal 
when the dynamic blade 1 is shifted is small, as com- 
pared with the tube seal according to the first embodi- 
ment (see Fig. 2 to Fig. 4C). Therefore, as in the tube 
seal according to the first embodiment, it is not neces- 
sary to form the portion abutting against the steam sup- 
ply port 1 a provided in the dynamic blade 1 into a spher- 
ical shape, and only by providing a curved surface on 
the outer periphery of the end 12a, the shift of the dy- 
namic blade 1 can be sufficiently absorbed. 
[0042] When the dynamic blade 1 is shifted, the pro- 
truding portion 32 formed on the barrel 12 of the tube 
seal 1 04 abuts against the opening end 61 a of the steam 
supply pipe outlet 61 provided in the rotor disk 50. 
Thereby, the radial movement of the tube seal 104 is 
restricted, andhence damage of the spherical spring 20 
can be also prevented. Further, since the curved surface 
provided at the end 12a of the barrel 12 comes in line 
contact with the internal surface of the steam supply port 
1a provided in the dynamic blade 1, leakage of steam 
in this portion can be suppressed. 
[0043] Though this tube seal 104 has a limitation of 



being applied when the shift of the dynamic blade 1 is 
small, the structure of the tube seal 104 is simple, and 
it can be manufactured only by machining the tube. 
Hence, there is an advantage in that manufacturing is 

5 quite easy, as compared with the tube seal according to 
the first embodiment. As a result, when it is known that 
the shift of the dynamic blade 1 is small, the manufac- 
turing cost of the gas turbine or the like can be reduced 
by applying this tube seal 104. 

w [0044] Fig. 6A and Fig. 6B are cross sections which 
show another example of the joint structure according 
to the second embodiment. As shown in Fig. 6A, a pro- 
truding portion 34 may be formed on the side of a barrel 
13, and at a position inside of the steam supply port 1 a 

is provided in the dynamic blade 1, by fitting an annular 
member thereto, so that this portion abuts against the 
internal surface of the steam supply port 1 a, to thereby 
restrict a radial movement of a tube seal 106. Further, 
as shown in Fig. 6B, a tubular member 33 may be pro- 

20 vided at the point of the barrel 13, and this is inserted 
into the steam supply port 1a provided in the dynamic 
blade 1 , and this tubular member 33 comes in contact 
with the inside of the steam supply port 1a, to thereby 
restrict an axial movement of a tube seal 1 05. 

25 [0045] Fig. 7 is a schematic diagram which shows a 
gas turbine composite electric generating plant adopting 
steam cooling for hot sections. In this gas turbine com- 
posite electric generating plant, thermal energy con- 
tained in the exhaust gas in the gas turbine is recovered 

30 by an HRSG (Heat Recovery Steam Generator) . Steam 
is generated by the thermal energy in the recovered ex- 
haust gas in the gas turbine, and a steam turbine is driv- 
en by this high-temperature and high-pressure steam, 
to generate power by the generator coupled thereto. As 

35 described above, in the gas turbine composite electric 
generating plant, the exhaust heat in the gas turbine can 
be effectively utilized, and as a result, thermal efficiency 
of the whole plant can be increased. 
[0046] This gas turbine 900 uses steam for cooling hot 

40 members such as a dynamic blade and a rotor disk. 
Though not clear from Fig. 7, the sealing structure of 
cooling steam explained in the first to the third embodi- 
ments is applied to a steam supply channel provided in 
the rotor disk. The gas turbine 900 is coupled to a first 

45 generator 901 , and the gas turbine 900 drives the first 
generator 901 to generate power. The exhaust gas in 
the gas turbine 900 has still a temperature of about sev- 
eral hundreds degrees, and hence this exhaust gas is 
guided to the HRSG 902, to generate steam. 

so [0047] The steam generated in the HRSG 902 is first 
guided to a high pressure steam turbine 903, to drive it. 
The exhaust steam of the high pressure steam turbine 
903 is guided to the gas turbine 900 and used for cooling 
hot members such as a dynamic blade and a stationary 

55 blade. The steam having cooled the hot member in the 
gas turbine 900 is guided to a mixing chamber 904, and 
then supplied to an intermediate pressure steam turbine 
905. The steam having driven the intermediate pressure 
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steam turbine 905 is supplied to a low pressure steam 
turbine 906 to drive it. The high pressure steam turbine 
903, the intermediate pressure steam turbine 905 and 
the low pressure steam turbine 906 are serially connect- 
ed, so as to rotate a second generator 907 connected 
to the output axis of these to thereby generate power. 
[0048] The steam having driven the intermediate 
pressure steam turbine 905 and the low pressure steam 
turbine 906 is recovered to the water form by a steam 
condenser 908, and thereafter is supplied again to the 
HRSG 902 by a pump 909. After the water is changed 
into steam again by an evaporator (not shown) provided 
in the HRSG 902, the steam is heated by a supemeater 
(not shown) and supplied to the high pressure steam 
turbine 903 again, and repeating the above process. 
[0049] In this gas turbine composite electric generat- 
ing plant, the gas turbine 900 having the seal structure 
of the cooling steam comprising the tube seal and the 
rotor disk explained in the first to third embodiments is 
used. Therefore, cooling steam can be reliably supplied 
to the dynamic blade, and trip of the gas turbine 900 is 
suppressed, thereby enabling stable operation. As a re- 
sult, the reliability of the electric generating plant is in- 
creased. Further, since reliable seal is possible, leakage 
of steam is also reduced, and hence valuable steam can 
be effectively utilized, and thermal efficiency of the 
whole composite plant can be improved by this. 
[0050] As described above, the joint structure of the 
cooling flow passage in the gas turbine in this invention 
brings the spherically formed end of the tube seal and 
the internal surface of the coolant passage port provided 
at the root of the dynamic blade into line contact with 
each other, to thereby suppress leakage of the coolant 
in this portion. At the coolant passage port on the rotor 
disk side, leakage of steam is suppressed by the spher- 
ical spring provided on the tube seal barrel. Since the 
coolant passage port provided in the dynamic blade and 
the end of the tube seal barrel are brought into line con- 
tact with each other, leakage of the coolant can be sup- 
pressed, even if the machining accuracy in this portion 
is not so high. Further, since the end of the tube seal is 
formed into a spherical shape, even if the dynamic blade 
is shifted and the tube seal is inclined, the end of the 
tube seal can follow this inclination to maintain the line 
contact. As a result, even if the dynamic blade is shifted, 
sealing effect can be maintained. 
[0051 ] The joint structure of the cooling flow passage 
in the gas turbine according to this invention allows the 
spherically formed end of the tube seal barrel to abut 
against the coolant passage port, whose inner surface 
provided in the dynamic blade being formed into a con- 
ical shape, to thereby suppress leakage of the coolant 
in this portion. At the coolant passage port on the rotor 
disk side, leakage of steam is suppressed by the spher- 
ical spring provided on the tube seal barrel. Therefore, 
the seal performance can be maintained, regardless of 
the operation condition, to thereby suppress the amount 
of coolant such as steam or air leaking from the joint 



portion of the cooling flow passage. Hence, the coolant 
can be effectively utilized to improve the thermal effi- 
ciency of the gas turbine. Further, since the coolant pas- 
sage provided at the root of the dynamic blade is formed 

5 into a conical shape, machining is easy, and much labor 
is not needed for manufacturing. 
[0052] The joint structure of the cooling flow passage 
in the gas turbine according to this invention restricts a 
radial movement of the tube seal in the above tube seal, 

10 by being provided with the protruding portion on the side 
of the tube seal barrel so that the protruding portion 
abuts against the coolant passage port provided in the 
rotor disk. By this action, the deformation of the elastic 
member provided on the tube seal barrel is restricted, 

15 and thence damage of this elastic member can be sup- 
pressed. As a result, with this joint structure, leakage of 
the coolant can be suppressed more reliably, thereby 
increasing the reliability. Further, since the durability of 
the tube seal also increases, labor for maintenance and 

20 checking can be reduced. 

[0053] In the joint structure of the cooling flow pas- 
sage in the gas turbine according to this invention, leak- 
age of the coolant is suppressed by abutting the working 
face formed on the outer periphery of the end of the tube 

25 seal barrel against the internal surface of the coolant 
passage port, whose inner face provided in the dynamic 
blade is formed into a conical shape. Further, leakage 
of the coolant in the coolant passage port provided in 
the rotor disk is suppressed by the elastic member. The 

30 radial movement of the tube seal is also restricted by 
the protruding portion provided in the tube seal barrel, 
to thereby prevent the elastic member from being dam- 
aged. This joint structure serves the function effectively, 
when the shift between the dynamic blade and the rotor 

35 disk is small. Further, since it is not necessary to form 
the end of the tube seal used in this joint structure into 
a spherical shape, manufacturing is easy, and the man- 
ufacturing cost can be reduced. 
[0054] in the tube seal of this invention, since the end 

^o thereof is formed into a spherical shape, even if a large 
force acts thereon in the axial direction of the tube seal, 
it can endure the force to maintain the seal performance. 
Since the elastic member which deforms in the radial 
direction of the tube seal barrel is provided, the seal per- 

45 formance can be also ensured. Even when the tube seal 
inclines, the seal performance can be maintained by the 
spherical end and the elastic member. Therefore, even 
in a portion where the shift of the tube seal with respect 
to the radial direction is large, the sealing effect can be 

50 exhibited. 

[0055] In the tube seal of this invention, since the de- 
formation of the elastic member is suppressed to a cer- 
tain value or below by the protruding portion provided 
on the barrel, a damage of the elastic member can be 

55 suppressed, and the sealing effect can be reliably ex- 
hibited. Further, since the life of the elastic member be- 
comes long, it can be used even for a structure that can- 
not be easily disassembled after the assembly. 
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[0056] The gas turbine of this invention has a config- 
uration such that the rotor disk and the dynamic blade 
are connected by the above-described joint structure of 
the cooling flow passage, so as to supply or recover the 
coolant to or from the dynamic blade. Therefore, even 
under an environment in which a high centrifugal force 
acts under high temperatures, stable sealing effect can 
be exhibited. As a result, even under such an environ- 
ment, wastage of the coolant can be made minimum, 
and the thermal efficiency of the gas turbine can be im- 
proved. 

[0057] Although the invention has been described 
with respect to a specific embodiment for a complete 
and clear disclosure, the appended claims are not to be 
thus limited but are to be construed as embodying all 
modifications and alternative constructions that may oc- 
cur to one skilled in the art which fairly fall within the 
basic teaching herein set forth. 



Claims 

1 . A joint structure of a coolant passage in a gas tur- 
bine comprising: 

a rotor disk having a first coolant passage port 
for supplying or recovering a coolant to or from 
a dynamic blade, the dynamic blade being fitted 
to the outer periphery of the rotor disk; 
a second coolant passage port provided at the 
root of the dynamic blade; and 
a tube seal having a tubular barrel, the end of 
the barrel inserted into the second coolant pas- 
sage port being formed into a spherical shape, 
and the side of the barrel inserted into the first 
coolant passage port being provided with an 
elastic member which deforms in the radial di- 
rection of the barrel, 

wherein the internal surface of the second 
coolant passage port and the spherical end of the 
tubular barrel come in line contact with each other. 

2. A joint structure of a coolant passage in a gas tur- 
bine comprising: 

a rotor disk having a first coolant passage port 
for supplying or recovering a coolant to or from 
a dynamic blade, the dynamic blade being fitted 
to the outer periphery of the rotor disk; 
a second coolant passage port provided at the 
root of the dynamic blade, the second coolant 
passage port having an internal surface that is 
conical such that it tapers towards the end of 
the dynamic blade; and 
a tube seal having a tubular barrel, the end of 
the barrel inserted into the second coolant pas- 
sage port being formed into a spherical shape, 



and the side of the barrel inserted into the first 
coolant passage port being provided with an 
elastic member which deforms in the radial di- 
rection of the barrel. 

5 

3. The joint structure of a coolant passage in a gas 
turbine according to claim 1 or 2, wherein the tube 
seal comprises a protruding portion on the side of 
the barrel inserted into the first coolant passage 

10 port, with the outer diameter thereof being larger 
than that of the barrel and smaller than that of the 
elastic member. 

4. A joint structure of a coolant passage in a gas tur- 
fs bine comprising: 

a rotor disk having a first coolant passage port 
for supplying or recovering a coolant to or from 
a dynamic blade, the dynamic blade being fitted 

20 to the outer periphery of the rotor disk; 

a second coolant passage port provided at the 
root of the dynamic blade, the second coolant 
passage port having an internal surface that is 
conical such that it tapers towards the end of 

25 the dynamic blade; and 

a tube seal having a tubular barrel, a working 
face being formed on the outer periphery of the 
end of the barrel inserted into the second cool- 
ant passage port, the side of the barrel inserted 

30 into the first coolant passage port being provid- 

ed with an elastic member which deforms in the 
radial direction of the barrel, and a protruding 
portion which restricts a radial movement of the 
barrel, by abutting against at least one of the 

35 internal surfaces of the first and the second 

coolant passage ports, being provided on the 
side of the barrel. 

5. A tube seal having a tubular barrel, the end of which 
40 is formed into a spherical shape, and the side of the 

barrel inserted into a coolant passage port to be 
coupled is provided with an elastic member that de- 
forms in the radial direction of the barrel. 

45 6. The tube seal according to claim 5, wherein the tube 
seal comprises a protruding portion on the side of 
the barrel inserted into the coolant passage port to 
be coupled, the outer diameter thereof being larger 
than that of the barrel and smaller than that of the 

50 elastic member. 

7. A gas turbine comprising: 

a compressor which is adapted to compress air 
55 to produce combustion air; 

a combustor which is adapted to supply a fuel 
to the combustion air produced by the compres- 
sor to generate a combustion gas; and 
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a turbine having a joint structure of a coolant 
passage as defined in any one of claims 1 to 4. 
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